O ccupational health and safety literature largely attends to manufacturing, construction, and agricultural labor. Few studies have focused on occupational health in the performing arts. Consistent with this, even less research has been reported about classical orchestra musicians. A brief search of PubMed using the terms "occupation" and "injury" excluding "occupational therapy" yielded 20,099 citations. When the term "musician" was added, this dropped to 14 citations, with only six published within the past 5 years. However, more than 500,000 individuals in the United States earn their living playing a musical instrument, and up to 87% of these professionals experience a playing-related injury during their careers (Guptill & Golem, 2008) . Dommerholt (2009) reported a high risk for musicians to develop a variety of musculoskeletal problems. As in other occupations, the incurred morbidity can limit or prohibit the musician from continuing to work. Occupational morbidity includes pain, neuropathies, focal dystonias, hearing loss, and psychological problems (Fishbein, Middlestadt, Ottati, Straus, & Ellis, 1988; Hoppmann, 2001; Lockwood, 1989; Romeo, 2006; Zaza, Charles, & Muzynski, 1998) .
A classical musician's job is both physically and psychologically demanding. Musicians are exposed to occupational stressors and hazards daily that can result in a multitude of health problems, and the encountered morbidity can affect not only work performance but also
RESEARCH ABSTRACT
Limited attention is paid to the hazards experienced by orchestra musicians in the occupational health and safety literature. Within that literature, the primary focus has been on noise exposure. A focus on this area is warranted because high sound pressure levels are a product of this work environment. However, in addition to being at risk for noise-induced hearing loss, workers are also at risk for musculoskeletal injury and illness related to stressful body postures held for prolonged work periods. The socio-political forces of employment may place workers at risk for mental health disorders (e.g., depression). The researchers distributed an anonymous survey to classical orchestra musicians in the southwestern United States. The survey inventoried several areas related to occupational health risks. Results suggest low health care-seeking behaviors relative to self-reported signs and symptoms of morbidity. Musicians also reported limited formal training and education regarding occupational health risks. Risk information was provided late in their professional development. This is a particular concern because of the young age at which music training is initiated.
livelihood (Dommerholt, 2009) . Reflecting on the broader scope of occupational health, many of the occupational health problems experienced by orchestra musicians may appear relatively insignificant; however, a minor numbness or tingling in a finger could end a career. In an extensive occupational health survey of this population, the incidence of overuse syndrome or cumulative trauma disorders was as high as 80% (Fishbein et al., 1988) . More recently, Dawson (2007) reported that prolonged rest without the demands of playing an instrument to allow healing may yield both financial loss and loss of technical skills.
Sound itself is the workplace product for musicians, and performing musicians must have a high degree of hearing acuity. The music product often includes creating sound with high sound pressure levels. This exposure creates risk for noise-induced hearing loss. Walter (2009) measured sound exposure levels among wind instrument players, finding many musicians exposed in excess of the National Institute for Occupational Safety and Healthdefined 100% dose. When playing together, musicians must have sufficient hearing acuity for maintenance of timing and appropriate key tuning. Noise-induced hearing loss can be a devastating problem for musicians. A slight hearing impairment, such as mild pitch distortion, may result in musicians being unable to play in tune. In a study by Axelsson and Lindgren (1981) , 59 musicians (43%) had pure-tone thresholds worse than expected for their ages. This study also reported that musicians who played certain instruments were at increased risk for sensorineural hearing loss. Asymmetric pure-tone thresholds (i.e., greater than 15-dB difference) between ears were common among musicians with hearing loss and among those still classified as having "normal hearing." The left ear demonstrated greater hearing loss than the right ear. Additionally, the study found that the loudness comfort level of musicians was unusually high. A subsequent longitudinal analysis of the sample from the study by Axelsson and Lingren (1981) demonstrated no significant negative progression from the prior 16 years of musical noise engagement (Kahari, Axelsson, Hellstrom, & Zachau, 2001 ). Kahari et al. (2001) noted the presence of a 6-kHz audiogram notch pattern in this sample, which prior literature suggests is indicative of noise-induced hearing loss.
Similar to workers across many employment arenas, musicians have limited ability to directly address occupational hazards. Musicians have reported having little control over many environmental work factors that negatively affect their health (Halleland, Harris, Sornes, Murison, & Ursin, 2009; Zaza et al., 1998) . Because of the complexity of occupational injuries and difficulty identifying etiologies and effective treatments, professional musicians are often reluctant to seek professional care for actual and potential occupational health problems (Guptill & Golem, 2008) . Another reason for underreporting may be that the health issues suffered by musicians are often highly subjective (i.e., objective organic causes are difficult to identify) (Halleland et al., 2009) .
The aim of this pilot study was to investigate and describe the occupational injury and illness concerns in a sample of orchestra musicians. The frequency of seeking health care and the implementation of protective devices and behaviors was also evaluated. These descriptive results contribute to the increasing body of knowledge about occupational morbidities among members of this population.
METHODS
An exploratory, descriptive, self-report survey was used. The survey was mailed to the members of an orchestra located in the southwestern United States. Included with the survey were an introductory letter containing information about informed consent and a stamped, researcher-addressed return envelope. The study was approved by the MedCentral Health System (Ohio) institutional review board. The survey was anonymous, and the confidentiality of participants was ensured and maintained through report of aggregate data only. Names and addresses were obtained for 70 members of the orchestra. A convenience sample of 32 participants returned completed surveys, yielding a response rate of 46%.
The original survey tool was developed to study orchestra musicians in the United Kingdom, Germany, and the United States (Romeo, 2006) . The original survey tool was found to have high subject burden and concerns were noted regarding item redundancy. Further, terminology used in some items was noted as problematic. Redundant items were removed, language and items were improved for U.S. orchestra musicians, and additional items relating to noise-induced hearing loss were added. The exploratory survey presents as an inventory of several distinct elements for developing an understanding of potential concerns in this population, and for the potential identification of areas for future, in-depth investigation.
Demographic items included gender, age, years as a professional musician, and hours per day of practice. Content assessed within the survey included performers' experience with occupational injury and illness, hazards in the work environment, history of exposure to occupational health and safety education, history of reporting workplace concerns, and history of using protective deThe frequency of injury and illness among orchestra musicians is likely underreported. Occupational health nurses must take a detailed history, consistent with common elements emphasized in an occupational health history. These elements include number of years as a performer, hours per day of practice or performance, and types of protective behaviors currently used. Requesting the demonstration of work or playing postures may be beneficial for identifying ergonomicrelated concerns.
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vices. Participants were queried about their experience with signs and symptoms of potential occupational injuries and illnesses. Additionally, inquiry was made regarding diagnosed conditions such as carpal tunnel syndrome and depression.
RESULTS
Almost two thirds (62.5%, n = 20) of the sample was female. Most of the respondents were between 35 and 64 years old, with the 45 to 54 years old group being the largest (40.6%, n = 13). Table 1 presents further details on basic descriptive data for the sample. The mean age at which sample musicians began playing their instruments was approximately 10 years (SD = 4.4), and 71.9% (n = 23) had worked professionally in music for more than 20 years. The musicians' primary instruments are noted in Table 1 . When summarized by type, they were string players (59.4%, n = 19), woodwind players (25.0%, n = 8), and brass players (15.6%, n = 5). When considering practice and playing time with the orchestra, the musicians played approximately 30 hours per week. Seventyfive percent (n = 24) of the respondents reported that they also worked as music instructors.
The survey next asked the musicians about their injury and illness history related to work. Participants were asked if they had ever experienced or been diagnosed with particular conditions. The self-reported morbidity results are presented in Table 2 . The concerns most frequently reported were pain or stiffness in the shoulders (93.8%, n = 30) or neck (90.6%, n = 29). Other frequently reported but not diagnosed conditions were neurologic or musculoskeletal concerns of numbness and tingling in the hands or arms (81.3%, n = 26), low back pain (62.5%, n = 20), and cramping in the hands or arms (43.8%, n = 14). The specific diagnosis most frequently reported was tendinitis (46.9%, n = 15). The second most frequently reported diagnosis was depression (34.4%, n = 11). Consistent with the diagnosis of depression, feeling stressed (90.6%, n = 29) and feeling depressed (59.4%, n = 19) also rated highly.
Musicians were also asked to identify from whom treatment for playing-related ailments was sought (Table  2) . A variety of practitioners were noted, including physicians, chiropractors, occupational and physical therapists, dentists, masseuses, acupuncturists, and Alexander technique teachers. On pooling responses, about 65.6% (n = 21) of the musicians reported having seen some type of health care provider for a playing-related concern. The health practitioner most commonly seen was a physical therapist (50.0%, n = 16). Only 15.6% (n = 5) had sought treatment from a practitioner who specialized in the performing arts or was associated with a performing arts specialty practice clinic. In the section of the survey about health risk concerns in the work environment, one respondent indicated concern over limited access to health insurance.
In addition to questions about signs and symptoms of injuries and illnesses, the musicians were asked about work environment concerns and whether they had voiced a complaint regarding these concerns (Table 3 ). The concern most frequently noted was noise (87.5%, n = 28). Noise was also the issue for which the most complaints had been voiced (25.0%, n = 8). Stress was also frequently cited as a concern (71.9%, n= 23), but only one of the participants (3.1%) reported voicing this concern. When asked to whom the complaints were directed, the majority (68.8%, n = 22) voiced their concerns to colleagues, 59.4% (n = 19) complained to an administrative member of the orchestra, and 28.1% (n = 9) complained to a union representative. The musicians were also asked about their prior exposure to general hazard information regarding work as a professional musician and their interest in securing additional information. Only 46.9% (n = 15) indicated that they had received information on the potential hazards of the music profession and all but one (96.9%, n = 31) indicated they would like more information regarding hazards in the performing arts. The musicians were also asked about the enactment of protective behaviors relative to the hazards faced. The majority reported that protective devices were available for use (93.8%, n = 30), and that they had used a device in the past (96.9%, n = 31). The specific devices most frequently noted are presented in Table 4 , along with the frequency of their use by this sample and the percentage of users finding the devices to have some level of effectiveness.
The last part of the survey asked specific questions related to hearing loss. Nearly all of the participants indicated they were aware of hearing loss as a risk for professional musicians and they were concerned about this risk (96.9%, n = 31). They were asked at what age they became aware of this risk; 30.7 years (SD = 12.44) was the mean. A large portion of the sample reported having a hearing test in the past (71.9%, n = 23). Of those who had a hearing test, 34.8% (n = 8) indicated their test showed some hearing loss. Alexander technique teacher 1 (3.1) 
DISCUSSION
The musicians in this sample had a long history of working in the music industry and reported a significant weekly commitment to work-related playing. A variety of instruments were represented in this sample (i.e., 59.4% string, 25.0% woodwind, and 15.6% brass players). A large variation in the instrumentation is represented between orchestras and within orchestras between selected repertoires. Recognizing the potential for variation, an informal review suggested a Classical period (or Beethoven-influenced model) standard instrumentation distribution might yield 60% string, 15% woodwind, 15% brass, and 10% percussion performers (Hugill, 2003; Hurd & Griffiths, 2002) . This study's sample approximates those values, with the omission of percussion players, a significant exception. The young age at beginning music training contrasted sharply with the age of becoming aware of injury and illness concerns for musicians. Survey results showed musicians had significant interest in more information on both hazard awareness and preventive measures.
Another sharp contrast was the high rate of selfreported signs and symptoms of morbidity versus the lower rates of seeking treatment and actual diagnoses. High rates of morbidity have been previously suggested (Dommerholt, 2009; Fishbein et al., 1988; Guptill & Golem, 2008) , but these findings suggest evidence of underreported conditions. Underreporting of signs and symptoms may be related to several factors, including the subjective nature of musculoskeletal pain, the complexity of disorders, and the perceived lack of available solutions or treatments. Given the competitive nature of orchestral employment, ailing musicians may also avoid seeking treatment for fear that treatment demands or public knowledge of an injury may cost them their positions. The competitive nature of this work environment may also be related to the reported high rates of stress and depression symptoms. The practical implications of limited or absent health insurance coverage would also lead to underreporting of morbidity.
A somewhat surprising finding was the frequency with which musicians expressed concerns about backstage safety. Comments added in this section noted a broad range of safety concerns, including basic ease of building access from behind the stage area and reports of working with "personnel with psychological issues," "players on drugs," and players demonstrating "bizarre behaviors." Further investigation regarding such safety concerns is warranted.
Many musicians reported having used some type of protective device and believing these devices are effective. Given the high rate of signs and symptoms of morbidity among these musicians, the true efficacy of these protective measures is questionable. Also, of the protective measures used, most tended to focus on hearing loss; risk reduction techniques for upper extremity musculoskeletal disorders, which were reported most frequently, were not mentioned. However, hearing loss has likely received the greatest attention. As noted earlier, what may be considered a minor early sign or symptom of a neurologic or musculoskeletal disorder for many can significantly impact the careers of some musicians. Within this context, earlier and more aggressive education about musicians' health hazards, as well as further research into and development of viable solutions to modify risks, is needed.
This pilot study has several limitations. Generalization of the results to all orchestra musicians is limited, given the small sample size. The sample size also limited the use of inferential statistics for examining the association of signs and symptoms of morbidity with variables such as instrument played, length of career, and hours of playing per week. Other limitations were specific to this survey. Originally developed for an international application, the specific terms and syntax used in some items of the survey must be improved.
IMPLICATIONS FOR PRACTICE
These findings suggest ways in which occupational health nursing can impact musicians' health. Given the general lack of knowledge regarding performance health risks, it is important that a thorough health assessment include detailed information on practice and performance issues. This assessment should include estimations of both lifetime duration of activity engagement and duration of daily or weekly exposure. Having musicians model playing postures may identify musculoskeletal concerns. Further, psychological stressors for any presentation suggestive of a mental health disorder need investigating. Such stressors may include musicians' perceptions of employment security and environmental safety. Given the late reported age of risk awareness among musicians, occupational health professionals need to develop health risk awareness programming for early music performance education. Practitioners should also inquire regarding the availability and use of protective equipment. Performers should be encouraged to seek treatment from a specialist knowledgeable about and experienced in treating performing arts injuries and illnesses. This study's results suggested that orchestra musicians encounter several health concerns that could be related to their work. These concerns are underreported or musicians do not seek health care services for perceived occupational injuries and illnesses. Further research is needed to more precisely measure and describe risks associated with work-related postures for performing artists, and to identify viable tools to manage identified risks. Although protective behaviors are being used to reduce the risk of noise-induced hearing loss, the frequency of hearing loss is high, suggesting the actual utility of protective measures needs further investigation. Musicians note that sound shields may be deemed unacceptable for use in some environments (e.g., impacting the stage appearance during formal performances) and that the use of hearing protection is paradoxical, preventing performers' abilities to monitor key environmental sound cues. Key risk factors and risk management options should be integrated into the early education and training of musicians to prevent playing-related morbidity.
